Background: To promote research activities in a particular research area, it is important to efficiently identify current research trends, advances, and issues in that area. Although review papers in the research area can suffice for this purpose in general, researchers are not necessarily able to obtain these papers from research aspects of their interests at the time they are required. Therefore, the utilization of the citation contexts of papers in a research area has been considered as another approach. However, there are few search services to retrieve citation contexts in the life sciences domain; furthermore, efficiently obtaining citation contexts is becoming difficult due to the large volume and rapid growth of life sciences papers. Results: Here, we introduce the Colil (Comments on Literature in Literature) database to store citation contexts in the life sciences domain. By using the Resource Description Framework (RDF) and a newly compiled vocabulary, we built the Colil database and made it available through the SPARQL endpoint. In addition, we developed a webbased search service called Colil that searches for a cited paper in the Colil database and then returns a list of citation contexts for it along with papers relevant to it based on co-citations. The citation contexts in the Colil database were extracted from full-text papers of the PubMed Central Open Access Subset (PMC-OAS), which includes 545,147 papers indexed in PubMed. These papers are distributed across 3,171 journals and cite 5,136,741 unique papers that correspond to approximately 25 % of total PubMed entries. Conclusions: By utilizing Colil, researchers can easily refer to a set of citation contexts and relevant papers based on co-citations for a target paper. Colil helps researchers to comprehend life sciences papers in a research area more efficiently and makes their biological research more efficient.
Background
The ability to efficiently identify current research trends, advances, and issues in a research area is highly important to researchers to promote their research activities. For example, in cases of international collaborative research, researchers often need to read relevant papers and summarize the current knowledge about the research area beyond their own research fields [1] . Although review papers in the research area can suffice for this purpose in general, researchers are not necessarily able to obtain these papers at the right time from viewpoints of their interests. In addition, these papers reflect only previously published papers at the time of writing a review paper and viewpoints of its authors. To complement this issue, the utilization of the citation contexts for papers in a research area has been considered as another approach [2] . However, there are few search services to retrieve citation contexts in the life sciences domain, and to efficiently obtain the citation contexts for a target paper is becoming difficult due to the large volume and rapid growth of life sciences papers. Here, we introduce the Colil (Comments on Literature in Literature) database and a web-based search service called Colil for citation contexts in the life sciences domain.
In life sciences papers, citations are widely used and typically consist of two parts: a) a list of references found at the end of the citing paper that provides full bibliographic information for each source; and b) reference markers located in the text that are linked to the references [3] . The text surrounding a reference marker is defined as the citation context [4] ; it contains information about the cited paper such as the important contributions of it, criticism against it, comparison of the work in it to the author's work, or use of the method described in it [5] . In previous studies, Bradshaw [6] showed that citation contexts provide many perspectives on a paper. Qazvinian and Radev [2] and Mei and Zhai [7] argued that citation contexts are useful for creating a summary of the important aspects of a paper. Furthermore, Elkiss et al. [8] and Divoli et al. [9] examined the relationships between the abstract and the citation contexts of a given life sciences paper, and their experiments showed that citation contexts tend to have additional and focused information that is not present in the abstract. These results indicate that citation contexts play an important role in representing the semantic content of life sciences papers.
To make better use of citation data, we built the Colil database as Linked Open Data (LOD) by using the Resource Description Framework (RDF). RDF is a promising technology for describing, publishing, and linking life sciences data on the Web [10] . In addition, LOD are linked to other related resources that use RDF and is released under an open license [11] . These technologies have the potential to facilitate data integration and provide the semantics to perform rich queries using the SPARQL query language [10] . To build the Colil database as LOD, we use a newly compiled vocabulary called Comments on Literature in Literature Ontology (COLILO) in addition to standard existing vocabularies such as Bibliographic Ontology (BIBO) [12] , Dublin Core Metadata Initiative Metadata Terms (DCTERMS) [13] , and Document Components Ontology (DoCO) [14] . We linked resources in the Colil database to their corresponding external ones such as Biotea [15] , PubMed Central (PMC) [16] , Digital Object Identifier (DOI) system [17] , and TogoWS [18] . Although the Nature Publishing Group Linked Data Platform [19] , the OpenCitations Project [20] , and the Biotea Project [15] have already provided LOD that include citations, they have not provided citation contexts.
Our contribution is to provide LOD that include citation contexts in the life sciences domain. We provide three types of services that relate to the Colil database: a legacy web search interface (Colil), a SPARQL endpoint, and an ftp site to download dump files in RDF. The data needed for the Colil database have been extracted from open access papers deposited in the PubMed Central Open Access Subset (PMC-OAS) [16] , which is made available under the Creative Commons License or similar licenses that generally provide users the rights to reuse and redistribute content. By using PMC-OAS, we can release the Colil database for reuse and redistribution under a Creative Commons License.
Utility

Search service description
Colil searches for a cited paper in the Colil database and then returns a list of the citation contexts for it and its relevant papers based on co-citations. Users can choose a search method (i.e., by PubMed ID or keywords). If a user initiates a search by typing a PubMed ID into the upper text box (Fig. 1a) , Colil searches for a cited paper in the Colil database by this ID and then returns the corresponding citation contexts on the main page (Fig. 1c) . If a user initiates a search by typing keywords into the lower text box (Fig. 1a) , Colil searches for papers by using the PubMed search API [21] . Then, the search results are displayed in a modal dialog, where there is bibliographic information, including the title, authors, journal, year, volume, and issue (Fig. 1b) . Each title is anchor text that links to the corresponding PubMed page. The user can choose one of the hit papers in the modal dialog, and then Colil returns the corresponding citation contexts on the main page (Fig. 1c ). Colil's main page (Fig. 1c) is divided into four areas, described below: into the lower text box and hitting the enter key, the user can search for papers by using the PubMed search API and keywords. b Choosing a hit paper. Here, the user is provided with three hits in the modal dialog. By clicking the paper titled, "Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined factors." Colil returns the corresponding results for the paper. c Displaying the search result. Here, the user is provided with the search result on the main page
Relevant paper area (the lower left)
In the relevant paper area, there is a list of the relevant papers that are co-cited with the hit cited paper. Each row also includes a relevance score, the titles of relevant papers linking to the corresponding Colil page, and a link to the corresponding PubMed page. The relevance score is equal to the number of citing papers (Fig. 2) . Rows in the list are sorted in descending order according to the relevance score, and only the top twenty relevant papers are displayed. If the user clicks the anchor text "Show query" on the upper side of the list, Colil shows the corresponding SPARQL query to obtain the result from our SPARQL endpoint.
Example usage
A researcher wants to identify target genes of a micro-RNA (miRNA) by using databases that collect manually curated miRNA-gene interactions with an experimental support. For this purpose, the researcher needs to identify current trends and issues concerning the databases.
To obtain this information, by using Colil, the researcher can search for papers relevant to the databases and utilize the citation contexts for the papers. The researcher initiates a search for papers by typing keywords "database miRNA target interactions manually curated experimental support". As the result of the PubMed search (as of June 20th, 2015), Colil returns four papers, and three of them are original papers of widely-used databases such as TarBase, miRecords, and miRTarBase. Then, the researcher retrieves the corresponding citation contexts for the papers from Colil [see Additional file 1]; for example, the researcher can refer to the following citation contexts that help identify current trends and issues concerning the databases:
Three databases are used to predict miRNA-target genes: TarBase (v6.0), miRecords (2013), and miRTarBase (2013), which host the largest collection of manually curated experimental data; The experimentally validated miRNA-target interactions information have been documented in various databases, such as TarBase, MiRecords, miRWalk, miRTarBase, and miRNAMAP; TarBase and miRTarBase document the experimentally-verified information on miRNAtarget interactions along with their validation methods such as reporter genes, qPCR, western blotting, microarrays, proteomics, sequencing, and degradome sequencing data; For each miRNA, candidate targets have been inferred using data from six different databases (miRanda, PicTar, TargetScan, mirBase, miRTarget2, and TarBase) using the RmiR package from R Bioconductor (http://www.bioconductor.org/); Although miRTarBase has comprehensive information of miRNA targets from several organisms, it has scarce data on viral miRNA targets.
Data retrieval
In addition to Colil, we also provide a SPARQL endpoint that makes it possible for those users who develop their own applications to retrieve data in the Colil database. In practice, Colil retrieves and uses data from the Colil SPARQL endpoint. For instance, Table 1 shows a SPARQL query to retrieve a set of citation contexts for a target paper. In addition, Table 2 shows a SPARQL query to retrieve a title list of relevant papers for a target paper; the list is ordered by the relevance score.
Construction and content
Construction Figure 3 illustrates the process that we followed to build the Colil database. We obtained full-text papers from PMC-OAS. Then, we extracted citations (references and reference markers) and citation contexts from these papers and counted co-citations from them. To build the Colil database, we used standard existing vocabularies, such as BIBO, DCTERMS, and DoCO, and compiled a new vocabulary. Below, we explain the construction method in more detail. We used PubMed-indexed citations only. Next, we identified citation contexts located around the reference markers. A citation context can be multiple sentences, a sentence, or a fragment of a sentence. Based on our preliminary survey of citation contexts, we first defined the citation context as being the sentence containing the reference marker. Then, if the reference marker was located at the end of the sentence, we added the next sentence to the citation context. Finally, if the number of characters from the start of the citation context to the reference marker was over 240, only 240 characters before the reference marker and up to 240 characters after the reference marker were taken as the citation context.
Counting co-citations
If a pair of papers is cited by at least two papers, we counted it as a co-citation. For co-citations, the more the pair is cited by other papers, the more they are deemed to be semantically related [22] .
Developing a newly compiled vocabulary
We used BIBO, DoCO, and DCTERMS as standard vocabularies to facilitate inter-operability and cross-resource exploration. These three standard vocabularies can be used to describe citations and bibliographic information, the component parts of a bibliographic document, and simple and generic resources, respectively. In addition, we compiled a new vocabulary called COLILO because the standard vocabularies were not comprehensive enough to express our data in RDF. Table 3 describes our new vocabulary consisting of six classes, four object properties, and three data type properties. To describe the vocabulary, we used the following font conventions: classes, object properties, and data properties. In addition, COLILO's Base URI is http://purl.jp/bio/10/colil/ontology/201303#, and its prefix label is colil. The ReferencePaper class and the CitationPaper class describe the cited paper and the citing paper, respectively. The citation context is described by the Context class, and the mention property links the citation context to the cited paper. The RelevantPaper class is used to describe the co-cited paper (i.e., relevant paper), and the cocitationWith property, which has characteristics of symmetry, links the cited paper to the relevant paper. The RelevantBibliographicResource is used to describe the co-citation, which is between co-cited papers and has a relevance score using the RelevantScore property. The hasRelevantBibliographicResourceOf property links the cited paper to the co-citation, and the hasRelevantPaperId property links the co-citation to the relevant paper. The PubMed class and the Authors property are used to describe the bibliographic metadata and its authors, respectively.
The pmcid property is used to describe PMC IDs, which are identifiers of papers in PMC.
Building the Colil database
We built the Colil database by using COLILO. Figure 4 shows an RDF graph that represents the relationship between the cited paper and the citing paper, which are represented as the colil:ReferencePaper and the colil:CitationPaper classes, respectively. We used the bibo:cites property to link the citing paper to the cited paper. We used the doco:contains property to represent a section in a document such as Introduction or Methods. Each section has a title and citation contexts, which are represented as the dcterms:title and the doco:contains properties, respectively. The citation context is represented as the colil:Context class, and the text is represented as the rdf:value property. We use the colil:mentions property to link the citation context to the cited paper. Figure 5 shows an RDF graph that represents the relationship between the cited paper and a relevant paper. The colil:RelevantPaper class is used to represent the relevant paper, which is co-cited with another paper by other papers. We used the colil:cocitationWith property to link the cited paper to the relevant paper. To represent a relevance score between the cited paper and relevant paper, we provided the co-citation, which is represented as the colil: RelevantBibliographicResource class. The co-citation includes the relevance score, which is represented as the colil:RelevantScore property. The colil:hasRelevantBibliographicResourceOf property links the cited paper to the co-citation, and the colil:hasRelevantPaperId property links the co-citation to the relevant paper. Figure 6 shows an RDF graph that represents the bibliographic metadata, links to the (2), and co-citations were counted from citations (3). A newly compiled vocabulary called COLILO was developed (4), and the Colil database was built by using COLILO, citations, citation contexts, and co-citations (5) external resources, and the paper identifiers. We used PMC IDs and DOIs so that users could easily find the original paper. They are represented as the colil:pmcid and bibo:doi properties, respectively. The rdfs:seeAlso property is used to link external resources such as PMC, Biotea, DOI system, and TogoWS. Bibliographic metadata are represented as the colil:PubMed class by using the rdfs:seeAlso property. We used the togows:pmid, colil:Authors, togows:ti, and togows:so properties to represent the bibliographic metadata of PubMed IDs, authors, title, and sources.
Content
Over the past 10 years, the number of PubMed-indexed papers published each year in PMC-OAS has grown, with the most recent years showing an exponential growth (Fig. 7) . We obtained 545,147 PubMed-indexed PMC-OAS papers that cited at least one PubMed-indexed paper; the obtained papers were distributed across 3,171 journals. The papers contained 24,684,765 citation contexts, and each of them cited an average of 41.5 PubMed-indexed papers. Table 4 lists the top 20 journals ranked according to the number of the PMC-OAS papers contained in each journal. Conversely, 5,136,741 PubMed-indexed papers have been cited by at least one PMC-OAS paper; the cited papers correspond to approximately one-quarter of the entire PubMed entries and are distributed across 11,588 journals. Table 5 lists the top 20 journals ranked according to the number of cited papers contained in each journal.
We found 27,832,062 co-citations in cited papers. To calculate the chances of a given paper having a co-cited paper in a different relevance score range, we classified (Table 6 ). Here, a chance is defined as the number of co-cited papers within the relevance score range divided by the total number of cited papers (5,136,741). For example, there are 2,126,896 co-cited papers with a relevance score of two and over, and the chance is approximately 41 %. Table 6 shows that this chance significantly decreases as the relevance score increases.
We released the Colil database, which consists of 445,671,312 triples, including approximately 6.8 million links to external resources. We use Virtuoso (VOS 7.1) [23] as the triple store; the Colil database is freely 
Discussion
Support for writing citation contexts
As another use case, we envisage that Colil will help researchers to write citation contexts. In citation contexts, researchers must clarify the relationships between their paper and the papers cited within their paper [24] . Table 4 Top 20 journals ranked according to the number of the PMC-OAS papers contained in each journal However, this process may be difficult for some researchers, especially for non-English-speakers. In such cases, these researchers can learn how to write citation contexts more efficiently by observing the citation contexts that other researchers have made on a paper. We actually utilized Colil to write citation contexts in this paper and consider that Colil is suitable for this purpose. We continue to evaluate user experiences and will reflect the outcomes as Colil is developed further.
Limitations of our approach
Due to the limited number of citing papers in the Colil database, there are cases where Colil is not able to provide enough citation contexts for a target paper. For example, papers cited in five or fewer citation contexts account for approximately 76 % of all the cited papers in the Colil database. One of the factors causing this issue is that the number of PubMed-indexed papers in PMC-OAS only corresponds to approximately 4 % of total PubMed entries at present; however, we expect that this situation will gradually improve because open access publications are gaining popularity and becoming the norm [9] . Figure 7 shows the exponential growth of PMC-OAS papers over recent years, and the number of the PubMedindexed papers in PMC-OAS corresponds to approximately 14 % of the entire PubMed entries published from 2010 to 2014.
In contrast, there were 11,086 papers that were cited in 100 or more citation contexts. Although Colil may provide users with enough information and perspectives for these papers, it can be time consuming to find appropriate citation contexts for references. To alleviate this issue, we are considering providing users with a function to narrow down citation contexts according to their purposes. In previous studies, Amjad et al. [5] and Teufel et al. [25] proposed 6 and 12 categories for citation purposes, respectively, and showed that they could classify citation contexts into categories with good accuracy by using their proposed approaches. For future work, we will consider annotating citation contexts based on their work.
Comparison of Colil with Microsoft Academic Search
As far as we know, Microsoft Academic Search (MAS) developed by Microsoft Research is the only search service to provide citation contexts in the life sciences domain except for Colil [26] . MAS is a freely accessible web-based search service and includes over 45 million records of academic publications. Although MAS has more indexes of the papers than does Colil, users cannot reuse and redistribute the data retrieved from it without previous permission. In addition, MAS has not been updated for about two years. On June 20th, 2015, we searched for the citation contexts at MAS and Colil for four papers retrieved with PubMed by using by the keywords "database miRNA target interactions manually curated experimental support" [ Table 7 ]. MAS did not have the indexes of the papers that were published in or after 2013 since MAS was last updated in January 2013. The number of citation contexts for the papers is affected due to the lack of the citing papers that have been published in or after 2013. Colil was last updated on February 2nd, 2015 and has the indexes of four papers, and the number of citation contexts for each paper in Colil is higher than that in MAS. To keep up-to-date with the latest citing papers, we continue to update the Colil database twice a year.
Problem of identifying citation contexts
A citation context can be defined as sentences that comment on the work of a citing paper. Based on our preliminary survey of citation contexts, we defined a citation context as a sentence that contains a reference marker, except when the reference marker is located at the end of the sentence. We call a sentence that contains a reference marker an "explicit citing sentence" [5] . In this regard, some studies proposed methods to classify sentences as citation contexts from ones appearing around an explicit citing sentence [5] . Qazvinian and Radev [27] showed experimentally that they could retrieve important information to survey scientific papers from sentences 
Conclusions
The Colil database includes citations, citation contexts, and co-citations extracted from full-text papers of PMC-OAS. To help users to utilize the database in their respective research environments, we provide three types of services: a Colil search service, a SPARQL endpoint, and an ftp site. Colil can facilitate finding a set of citation contexts and relevant papers based on co-citations for a target paper. This should help researchers to comprehend life sciences papers in a research area more efficiently and make their biological research more efficient..
